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TOM TAT

Péng trung ha thao la loai ndm dwoc liéu quy va cé gia tri cao thudc chi Cordyceps. Tuy nhién, ngwdi tiéu dung
hau nhw khéng biét dwoc ngudn géc, chiing loai cac mau giébng dang lwu hanh trén thi trwéng. Nghién clru nay nham
dinh danh 12 méu giéng déng triing ha thdo thu thap dwoc bng gidi trinh tw ITS va danh gia da dang di truyén 12 mau
gidng bang chi thi RAPD va ISSR. Két qua cho thay 12 mau giéng thu thap dwoc déu thudc loai Cordyceps militaris.
Muoi 1am mdi RAPD va 15 moi ISSR phat hién dwoc tong s6 340 locus trong d6 291 locus da hinh va nhan ban dwoc
2092 bang DNA. Hé s6 twong dong di truyén ctia 12 mau gidng khi phan tich bi hai chi thi RAPD va ISSR dao déng tir
0, 568 0,841, cho thdy cac mau giéng cé mirc d6 da dang di truyen cao. Tai hé sé twong ddng di truyén 0,70; 12 mau
gibng dong tring ha thao chia thanh 3 nhém di truyén chinh. Két qua kiém dinh Mantel chi ra sw twong quan cao gitra
cac ma tran hé sb twong ddng di truyén phan tich béi RAPD, ISSR rleng I& hay két hop. Két qua nghién ctru cung cap
théng tin hiku ich cho céng tac dinh hwéng khai thac va phat trién ngudn gen déng triing ha thao.

Tu khéa: Cordyceps, déng tring ha thao, da dang di truyén, ISSR, RAPD.

RAPD and ISSR Markers Assessment of Genetic Diversity
of 12 Cordyceps Accessions collected in Vietnam

ABSTRACT

Cordyceps spp. belong to the most valuable medicinal caterpillar fungi. However, consumers hardly know the
origin and species of Cordyceps spp. commercialized on the market. This study aimed to identify 12 collected
Cordyceps samples collected at various locations in Vietham by ITS sequencing and evaluate the genetic diversity
these sampless using RAPD and ISSR markers. 12 Cordyceps accessions were identified as Cordyceps militaris
using ITS sequencing. 15 RAPD markers and 15 ISSR markers successfully detected 340 loci of which 291 were
polymorphic and a total of 2092 scorable bands were obtained. The similarity coefficient of 12 Cordyceps spp.
accessions ranged from 0.568 to 0.841 when combined RAPD and ISSR markers, indicating high genetic diversity. At
a genetic similarity of 0.7, the UPGMA dendrogram constructed based on RAPD and ISSR makers separated 12
Cordyceps accessions into three distinct clusters. The correlation analysis between the matrices of similarity
coefficients using Mantel’s test revealed a strong correlation among matrices analyzed by RAPD, ISSR or pooled
data. Our results could provide useful information for the exploitation and breeding of Cordyceps militaris accessions.

Keywords: Cordyceps, Cordyceps militaris, genetic diversity, ISSR, RAPD.

2021). Cac phan tich héa hoc cho thiy déng trung
ha thao (THT) c6 chiia nhiéu hoat chat quy nhu

Doéng trung ha thao (Cordyceps spp.) thudc cordycepin, nhiéu loai amino acid khéng thay
chi Cordyceps 1a loai ndm dudc liéu quy va duge thé, cac chat vi lugng va cac loai vitamin
st dung trong y hoc tit lau doi (Jedrejko & cs., (Holliday & cs., 2004). Nghién ctiu chuyén sau vé

1. DAT VAN DE

1549



Danh gia da dang di truy&n 12 mau giéng ddng triing ha thao thu thap & Viét Nam bang chi thi RATPD va ISSR

tac dung dudc 1y cho cac hoat chat cho thay
cordycepin dugc dung trong diéu tri nhiing bénh
roi loan mién dich va hé trg diéu tri ung thu
(Holliday & cs., 2004).

Chi Cordyceps ghi nhan c6 khoang 680 loai
phan bé khép noi trén thé gidi, dac biét & nhiing
viung nhiét d6i va can nhiét déi nhu Pong A va
Pong Nam A (Holliday & Cleaver, 2008).
Cordyceps sinensis (C. sinensis) va Cordyceps
militaris (C. militaris) 1a hai loai dugc chu trong
nghién ctu nhiéu nhat do chiia nhiéu hgp chat
dugc liéu quy (Holliday & cs., 2004; Li & cs.,
2006). Loai C. militaris dé& dang nudi cdy nhan
tao va chtia ham lugng hoat chat cordycepin cao
trong sgi ndm va qua thé (Jedrejko & cs., 2021).
Trong khi d6 viéc nudi cdy chu dong loai nim
C. sinensis van chua thuc su thanh céng nhu
mong ddi (Li & cs., 2006). Ngoai ty nhién, DPTHT
dang bi khai thac qua mtc tré nén khan hiém,
gi4 ca vo cung dit do. Do dé, viéc st dung cac san
phdm nadm DPTHT nubi cdy nhan tao 1a su lua
chon phut hgp ddm bao dude nhu ciu tiéu diung.
Céac loai n&m PTHT khéc nhau c6 thé dan t6i su
khac biét vé ham lugng hoat chat cé hoat tinh
sinh hoc (Wu & cs., 2016). Chinh vi vay, viéc xac
dinh chinh x4c loai ciing nhu danh gia dudc méi
quan hé di truyén nguon gen ctia nam DTHT tai
Viét Nam la can thiét, gép phan dinh huéng cho
cong tac bao tén, quan ly, khai thac va phat trién
loai dudc liéu quy nay mot cach phu hgp.

Nam DTHT dudc phan biét cht y&u dua vao
cac dic diém hinh thai, giai phau, su phat trién
cta hé sgi va qua thé (Sung & cs., 2007; Tran &
cs., 2023). Tuy nhién, phucng phap nay gip
nhiéu tré ngai vi hinh thai cta ching thay déi
theo diéu kién méi truong va hinh thtc sinh san:
sinh san hiiu tinh (trang thai qua thé) va sinh
san vo tinh (trang thai s¢i ndm) (Tran & cs.,
2023). Do d6, viéc st dung chi thi phan ti 1a can
thiét dé xac dinh loai cing nhu danh gia dudgc
mdi quan hé di truyén ctua ngudén gen DTHT
(Chen & cs., 1999; 2004; Liang & cs., 2005;
Zhang & cs., 2009; Tran & cs., 2023). So véi cac
chi thi hinh thai, cac chi thi phan ti nhu RAPD
(random-amplified polymorphic DNA), ISSRs
(inter-simple sequence repeats) c6 nhiing uu
diém néi bat nhu 6n dinh, d& thuc hién, khéng
phu thudc vao cac yéu t6 ngoai canh, c6 miic da
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hinh cao va rat hiéu qua trong danh gia quan hé
di truyén trén nhiéu do6i tugng khac nhau (Chen
& cs., 1999, 2004; Liang & cs., 2005).

Trén thé giéi, da c6 nhiéu nghién ctu vé
dinh danh loai hay danh gia da dang nguén gen
loai n&m C. sinensis (Tran & cs., 2023). Tai Viét
Nam, cac nghién citu vé da dang di truyén loai
nadm DTHT con rat han ché&. Cac nghién ctiu cht
yé&u tap trung vao phan tich vé thanh phan loai,
d#c diém hinh thai, sinh thai va céng nghé nubi
trong nadm (Trinh Tam Kiét, & Trinh Tam Bao,
2008; Tran Thanh Thy & Lé Van Vang, 2020;
Tran & cs., 2023). Trong nghién ctu nay, 12
mAau giong DTHT thu thap & cac dia diém khac
nhau dugde dinh danh bang gidi trinh tu ving
ITS va danh gia da dang di truyén nguén gen
béi chi thi RAPD va ISSR. Két qua nghién ciu
sé cung cap thong tin phuc vu cong tac bao ton,
quan 1y va khai thac ngudn gen.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu

Mugi hai mau giéng déng trung ha thao thu
thap 6 cac dia diém khac nhau dugc liét ké trén
bang 1. Pay 14 cac mau gidng dudc ban trén thi
trudng vdéi cac tén thuong mai khac nhau.

2.2. Phuong phap nghién citu

2.2.1. Tach chiét DNA

DNA tdng s6 cta 12 méu giong PTHT dudgc
tach chiét bang bo kit BioFACT™ Genomic DNA
Prep Kit for Fungus (BIOFACT, Han Quéc). Do
nguyén ven ctia mau DNA duge kiém tra bing
cach dién di trén gel agarose 1%. Nong d¢ va do
tinh sach cia mau duge kiém tra trén may do
quang phé.

2.2.2. Xac dinh loai ndm déng trung ha
thao bang phan tich trinh tu ITS

Ving gen ITS dude khuéch dai bang cap
méi ITS5-F (5-AGGAGAAGTCGTAACAAG-3)
va ITS4-R (5-GTTTCTTTTCCTCCGCT-3)
(Lam & cs., 2015). San phdm PCR dudc tinh
sach va gidi trinh tu tai Vién Céng nghé sinh
hoc thudc Vién Han 1am Khoa hoc va Céng nghé
Viét Nam.
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Bang 1. Danh sach

12 mau giong Pong trung ha thao va dia diém thu thap

STT Dia diém thu thap mau Ki hiéu mau
1 Gia Lam - Ha Noéi Co-TTN
2 Gia Lam - Ha Noi Co-TTT
3 Gia Lam - Ha Néi Co-CNTP
4 Long Bién - Ha Néi Co-LB
5 Thanh Tri - Ha No6i Co-TT
6 Thai Nguyén Co-TN
7 Lai Chau Co-LC
8 Hwng Yén Co-HY
9 Hai Ba Trwng - Ha Noi Co-HBT
10 Chwong My - Ha Noi Co-CM
11 Cau Gidy - Ha Noi Co-HQV
12 Thanh Khé - Pa Néng Co-DN

2.2.3. Phan itng PCR

Théng tin vé trinh tu va nhiét d6 gin moi
ctia 15 chi thi RAPD (Operon Technologies Inc.,
Alameda, California, USA) va 15 chi thi ISSR
(Pai hoc British Columbia, Canada) dugc trinh
bay 6 trén bang 3 va 4.

Phan tng PCR st dung bo kit 2X PCR
Master mix Solution (i-Taq) (NtRON Bio, Han
Qudc). Thé tich phan tng 20ul gom 10ul dém
i-Taq Mix, 1ul méi (10uM), 2ul DNA khuén
(3 ng/ul) va 7pl nuéc cat hai lan. Chu trinh
nhiét cua phan ting PCR dudc thuc hién trén
may ASTEC Thermal Cyclers (Gene Atlas,
ASTEC, Japan) 1 chu ky 95°C, 5 phit - 40 chu
ky gom (95°C, 30 gidy — nhiét do gdn mdi phu
hgp cho tiing méi, 30 gidy — 72°C, 1 phit) va 1
chu ky cudi 72°C trong 10 phit. San phdm
PCR dién di trén gel agarose 1%. Hién hinh
san phdmva chup anh biang hé théng may chup
UVP Biodoc-it.

2.2.4. Phin tich da dang di truyén

Ma tran nhi phan dugc xiy dung theo
nguyén tic cac bang vach sang ré va 6n dinh
dugc ghi diém 1, khong c6 bing vach ghi diém 0.
Stt dung hé s6 tuong dong ctia Sokal va Michener
(1958) va phuong phap gom cum UPGMA trong

phin mém NTSYSpc 2.1 dé xac dinh méi quan
hé di truyén ctia cAc mau giong DTHT.

Hé s6 PIC dugdc xac dinh bing cong thic:
PIC = 1 - p? — ¢* (Botstein & cs., 1980). Trong
d6: p, q 14n lugt 1a tan s6 cta cac ca thé mang
locus va khong mang locus.

Chi s6 sai khac ctia mdi cap mdi Rp
(resolving power): Rp = XIb. Trong d6: Ib la gia
tri dai dién cho théng tin cta doan, dugc tinh
theo cong thic Ib =1-1[2 x [0,5 - p|], v6i p la
tdn s6 xuat hién bang cua locus (Prevost
&Wilkinson, 1999).

Phan tich thanh phan chinh (Principal
Component Analysis - PCA) va xac dinh tuong
quan giia cadc ma tran hé s6 tuong dong
di truyén bing kiém dinh Mantel trong phan
mém XLSTAT 2.2.

3. KET QUA VA THAO LUAN

3.1. Pinh loai cho cac maiu giong doéng
trung ha thao bang trinh tw ITS

Vung ITS véi kich thudc khoang 550bp cua
12 mau gidng DTHT dudc nhan ban va gidi trinh
tu v6i cap moi ITS4R/ITS5F. Phan tich dit liéu
gidi trinh tu ITS cho thay kich thudc cac doan
dao dong tit 495-552 nucleotide. Dua vao két qua
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so sanh va tim kiém céc trinh tu ITS tuong déng
trong cd sé dit libu NCBI bing cong cu BLAST
cho thay tat ca 12 mau giong déu thudc loai
Cordyceps militaris (Bang 2) va c6 miic d tuong
dong cao dat 100% véi cac loai v6i ma tham chiéu
KM197165.1 Cordyceps
WU-CMH,; JX488481.1 Cordyceps militaris
strain 1812; KR673509.1 Cordyceps militaris
voucher KA12-1262; MN622777.1 Cordyceps
militaris JFRL20 va MK131341.1 Cordyceps
militaris voucher Fbozok00139.

militaris  1isolate

Két qua nghién ctiu nay khéng gay bat ngo
vi cho dén nay C. militaris dugc biét 1a loai dé
dang hinh thanh qua thé khi nubi c4y nhén tao
(Jedrejko & cs., 2021). K&t qua nghién ciu
cling kha tuong dong véi bao cido cia Wang &
cs. (2008) khi cac tac gia két luan cac mau thu
6 cac dia diém khac nhau déu c6 mic tuong
déng rat cao véi loai C. militaris (trén 98%) va
su da dang di truyén dua trén trinh tu ITS la
rat nhé va khéng tuong quan véi ngudn goc dia
1y ctia chuing.

3.2. Phan tich da hinh cac locus ¢ 12 mau
giong dong trung ha thao véi chi thi RAPD
va ISSR

Chi thi RAPD va ISSR dugc chiing minh ¢6
hiéu qua trong viéc phan tich da dang di truyén
ctia nhiéu loai thudc chi Cordyceps (Zhang & cs.,
2009). Téng s6 1.118 va 974 bang DNA da dugc

nhan ban ti 12 mau giéng dong trung ha thao
khi sti dung 15 méi RAPD va 15 méi ISSR (Bang
3 va 4, Hinh 1). Déi véi chi thi RAPD, s6 bing
nhan ban duge dao déng tit 43-123 bing/mbi
(trung binh 74,53 bang/mdi), trong khi d6, chi s6
nay do6i véi chi thi ISSR 1a 36-128 bang/moéi
(trung binh 64,93 bang/méi). Cu thé, véi chi thi
RAPD, méi OPA0O2 nhan ban dudc s6 bang 16n
nhat (123 béng), trong khi d6 hai méi OPCO01 va
AP-GO5 nhan ban dudc s6 béng it nhat véi 43
bang (Bang 3). Déi véi ISSR, s6 bang thap nhat
va cao nhat dude quan sat 6 cac moi UBC807 (36
bang) va UBC808 (128 bing) (Bang 4).

150 trong tong s6 179 locus nhin ban dugc
bdi 15 moéi RAPD 1a da hinh (chiém 80,63%), s
lugng locus da hinh/méi trung binh 1a 10,60. Cac
chi thi cho s6 locus da hinh cao nhat 14 OPB02 va
OPDO02 (19 bing), tiép dé hai chi thi OPC04 va
AP-D18 ciing nhan ban dugc s6 locus da hinh
kha cao tuong tng 17 va 16 locus da hinh. Nhém
chi thi cho s locus da hinh th&p nhat 14 chi thi
OPCO1 (3 locus), chi thi OPAO03, AP-H 18 va
AP-I 07 (5 locus) (Bang 3). Nhém chi thi ISSR
ciing ghi nhan két qua tuong tu khi phan tich da
hinh 12 mAu giéng DTHT véi ty 1& locus da hinh
dat 80,86% (132 locus da hinh trong téng s§ 161
locus dugc nhan ban). S6 lugng locus da hinh/méi
trung binh dat 8,80 (Bang 4, Hinh 1). K&t qua
nay cho thay su da dang di truyén cao cua cac
mau giéng DPTHT phan tich.

Bang 2. Kich thuéc viing ITS duge giai trinh tu cta 12 mau PTHT

Kich thwée vang ITS

Mdrc d6 twong ddng

Ki higu mau dworc giai trinh tw (bp) v6i loai tham chiéu (%) Loai xac dinh
Co-TTN 552 100 Cordyceps militaris
Co-TTT 540 100 Cordyceps militaris
Co-CNTP 495 100 Cordyceps militaris
Co-LB 550 100 Cordyceps militaris
Co-TT 544 100 Cordyceps militaris
Co-TN 540 100 Cordyceps militaris
Co-LC 550 100 Cordyceps militaris
Co-HY 550 100 Cordyceps militaris
Co-HBT 551 100 Cordyceps militaris
Co-CM 540 100 Cordyceps militaris
Co-HQV 540 100 Cordyceps militaris
Co-DN 550 100 Cordyceps militaris
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(A) M123 4567 8 9101112
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Ghi chii: M: DNA ladder 1 Kb; 1-12: 12 miu giéng DTHT.

1000 bp

I M 1 2 3 4 suGREaRt0 ]

—
-

T X A2 X A2

M 123 456 78 9101112

Hinh 1. Pa hinh cac locus phan tich bdi chi thi RAPD (A, B) va ISSR (C, D)

Chen & cs. (1999) danh gia méi quan hé di
truyén ctua 29 mau C. sinensis st dung 18 chi
thi RAPD cho ty 1é locus da hinh dat 73%, trong
khi ty 1& nay dat 87% khi Singh & cs. (2009) st
dung 20 chi thi RAPD dé danh gia da dang di
truyén cac mau C. sinensis thu thap tai
Himalaya, An Do. Dic biét, Liang & cs. (2008)
khi phan tich da dang di truyén va cdu tric
quéan thé loai C. sinensis & cac dia diém khac
nhau tai Trung Quéc véi 9 chi thi ISSR da ghi
nhan ty 1é bang da hinh 1én dén 99,3% (Liang &
cs., 2008).

Gia tri PIC thudng dudc st dung dé do kha
nang phat hién da hinh cta méi. Déi véi cac chi
thi troi nhu RAPD, ISSR gia tri PIC nam trong

khoang 0-0,5 (Serrote & cs., 2020). Khi phan
tich da hinh béi RAPD, gi4 tri PIC thap nhat va
cao nhat dudc phat hién ¢ moéi OPA04 (0,16) va
hai mdéi OPD02 va AP-G 05 (0,34), gia tri PIC
trung binh dat 0,25 (Bang 3). Tuong tuy, gia tri
PIC trung binh dat 0,26 d6i v6i nhém chi thi
ISSR. Méi UBC809 1a chi thi cho gia tri PIC
th&p nhat (0,13) va UBC823 cho gia tri PIC cao
nhit (0,36) (Bang 4). Theo Botstein & cs. (1980),
cac chi thi ¢6 hé s6 PIC ndm trong khoang
0,25-0,5 s& cung cip nhiing théng tin c6 gia tri
trong nghién ctu da dang di truyén. Nhu vay,
két qua hién tai cho thay kha nang phan tich da
hinh cta chi thi RAPD va ISSR dd1 v6i 12 mau
gidng DTHT & mtc d6 trung binh.
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Bang 3. Hiéu qua phan tich da dang di truyén ctia caic m6i RAPD trén 12 miu Pong trung ha thao

STT  Tén mdi Trinh tw méi Nhiét do ’Sc‘)_lhocus S6 locus Ty I& da hinh T(lzng 576 bang o« béing/mu gibng Chi §6 dahinhPIC Chl”sc") sai khac
(5°->3) gan moi (°C) phéat hién dwgc  da hinh  cuda céc locus (%) nhan ban dwoc clia moi locus gitra cac cap moi (Rp)
1 OPAO1 CAGGCCCTTC 32 9 8 88,89 90 7,50 0,26 3,00
2 OPAO02 TGCCGAGCTG 32 13 8 61,54 123 10,25 0,23 4,17
3 OPAO03 AGTCAGCCAC 30 8 5 62,50 81 6,75 0,17 1,83
4 OPA0O4 AATCGGGCTG 30 13 7 53,85 112 9,33 0,16 3,00
5 OPAOQ5 AGGGGTCTTG 30 12 8 66,67 109 9,08 0,20 3,83
6 OPB02 TGATCCCTGG 30 19 19 100,00 54 4,50 0,32 8,67
7 OPB04 GGACTGGAGT 30 11 10 90,91 74 6,17 0,31 5,00
8 OPC04 CCGCATCTAC 30 17 17 100,00 58 4,83 0,31 7,67
9 OPDO02 GGACCCAACC 32 19 19 100,00 76 6,33 0,34 9,00
10 OPCO1 TTCGAGCCAG 30 4 3 75,00 43 3,58 0,18 0,83
11 AP-A 20 GTTGCGATCC 32 11 10 90,91 51 4,25 0,28 4,50
12 AP-D 18 GAGAGCCAAC 32 17 16 94,12 93 7,75 0,33 8,17
13 AP-G 05 CTGAGACGGA 32 10 10 100,00 43 3,58 0,34 4,83
14 AP-H 18 GAATCGGCCA 32 8 5 62,50 59 4,92 0,21 2,50
15 AP-107 CAGCGACAAG 32 8 5 62,50 52 4,33 0,17 1,67
Téng sb 179 150 1.118
Trung binh/méi 11,98 10,60 80,63 74,53 6,21 0,25 4,58
Trung binh/mau gibng 14,92 13,25 93,17
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Bang 4. Hiéu qua phan tich da dang di truyén ctia cac m6i ISSR trén 12 mau Pong tring ha thao

LIS e, S et Tachtine SOMMY carinnpic giaciccmo
; ; ; cua moi locus (Rp)
1 UBCS807 AGAGAGAGAGAGAGAGT 49,0 6 5 83,33 36 3,00 0,25 2,33
2 UBCB08  AGAGAGAGAGAGAGAGC 50,0 14 6 42,86 128 10,67 0,17 3,67
3  UBC809  AGAGAGAGAGAGAGAGG 47,9 7 5 71,43 60 5,00 0,13 1,00
4  UBCS810 GAGAGAGAGAGAGAGAT 459 12 8 66,67 68 5,67 0,2 3,33
5  UBCs1l GAGAGAGAGAGAGAGAC 50,0 10 8 80,00 79 6,58 0,25 3,17
6  UBC823 TCTCTCTCTCTCTCTCC 50,0 13 13 100,00 46 3,83 0,36 7,00
7  UBC826 ACACACACACACACACC 47,9 8 6 75,00 64 5,33 0,28 3,33
8  UBC827 ACACACACACACACACG 56,0 13 13 100,00 39 3,25 0,31 5,50
9 UBC835  AGAGAGAGAGAGAGAGYC 49,9 13 12 92,31 80 6,67 0,32 6,33
10 UBC836 AGAGAGAGAGAGAGAGYA 51,9 14 12 85,71 57 4,75 0,24 4,50
11 UBC840  GAGAGAGAGAGAGAGAYT 47,9 14 13 92,86 57 475 0,33 6,83
12 UBC841  GAGAGAGAGAGAGAGAYC 53,9 10 9 90,00 61 5,08 0,33 5,50
13 UBC873 GACAGACAGACAGACA 45,0 11 10 90,91 62 5,17 0,31 5,00
14  UBCS888 BDBCACACACACACACA 42,9 5 3 60,00 53 4,42 0,19 1,17
15  UBC889 DBDACACACACACACAC 42,9 11 9 81,82 84 7 0,29 5,00
Téng sb 161 132 974
Trung binh/mdi 10,73 8,80 80,86 64,93 5,41 0,26 4,24
Trung binh/m&u giéng 13,42 11,00 81,17

Ghi chi: M6t s6’ méi thoai hod (degenerate primer) c6 stt dung céc nucleotide dugc viét dudi cdc ky hiéu khac biét, trong dé: R c6 thé I1a nucleotide A/G, Y ¢6 thé
14 nucleotide C/T, B c6 thé 1a nucleotide C/G/T (khéng phai A), D ¢6 thé Ia nucleotide A/G/T (khong phai C), H c¢6 thé 1a nucleotide A/C/T (khéng phai G) va V c6
thé Ia nucleotide A/C/G (khong phai T).
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Bang 5. Hé s6 tuong dong di truyén
ctia 12 mau giong Pong trung ha thao bang chi thi RAPD (phia duéi duong chéo) va ISSR (phia trén duong chéo)

STT ISSR
RAPD 1 2 3 4 5 6 7 8 9 10 11 12
1 Co-TTN -- 0,783 0,634 0,696 0,814 0,863 0,758 0,820 0,733 0,627 0,671 0,758
2 Co-TTT 0,754 -- 0,602 0,702 0,845 0,758 0,665 0,727 0,789 0,609 0,665 0,689
3 Co-HQV 0,670 0,670 -- 0,739 0,671 0,658 0,652 0,665 0,578 0,696 0,640 0,665
4 Co-LB 0,709 0,620 0,715 -- 0,745 0,720 0,702 0,702 0,602 0,683 0,764 0,727
5 Co-TT 0,765 0,777 0,670 0,665 -- 0,776 0,683 0,745 0,795 0,602 0,720 0,683
6 Co-TN 0,821 0,732 0,704 0,721 0,799 -- 0,770 0,820 0,696 0,652 0,720 0,783
7 Co-LC 0,654 0,609 0,760 0,732 0,609 0,687 -- 0,714 0,615 0,646 0,677 0,727
8 Co-HY 0,782 0,737 0,687 0,760 0,749 0,804 0,726 -- 0,739 0,671 0,727 0,814
9 Co-HBT 0,737 0,883 0,620 0,603 0,760 0,693 0,581 0,721 -- 0,559 0,615 0,627
10 Co-CM 0,670 0,592 0,665 0,715 0,603 0,648 0,704 0,709 0,575 -- 0,720 0,646
11 Co-CNTP 0,709 0,676 0,737 0,698 0,687 0,709 0,721 0,737 0,648 0,760 -- 0,689
12 Co-DN 0,721 0,721 0,737 0,732 0,721 0,754 0,765 0,760 0,659 0,693 0,732 --
Bang 6. Hé s6 tuong dong di truyén ctia 12 mau giong Pong trung ha thao dugc phan tich béi hai chi thi RAPD va ISSR

STT RAPD + ISSR 1 2 3 4 5 6 7 8 9 10 11 12
1 Co-TTN --

2 Co-TTT 0,768 --

3 Co-HQV 0,653 0,638 --

4 Co-LB 0,703 0,659 0,726 --

5 Co-TT 0,788 0,809 0,671 0,703 -

6 Co-TN 0,841 0,744 0,682 0,721 0,788 -

7 Co-LC 0,703 0,635 0,709 0,718 0,644 0,726 -

8 Co-HY 0,800 0,732 0,676 0,732 0,747 0,812 0,721 --

9 Co-HBT 0,735 0,838 0,600 0,603 0,776 0,694 0,597 0,729 -

10 Co-CM 0,650 0,600 0,679 0,700 0,603 0,650 0,676 0,691 0,568 --

11 Co-CNTP 0,691 0,671 0,691 0,729 0,703 0,715 0,700 0,732 0,632 0,741 --

12 Co-DN 0,738 0,706 0,703 0,729 0,703 0,768 0,747 0,785 0,644 0,671 0,712 --
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Chi s6 sai khac gitia cac cip mdi Rp la
thong s6 dude st dung dé chi ra tiém ning
phan biét cac ca thé cia mbi méi, chi s6 Rp cao
cho thay chi thi d6 hiéu qua trong viéc phan
nhém kiéu gen (Prevost & Wilkinson, 1999).
Chi s6 Rp trung binh ctia 15 méi RAPD 1a 4,58
(dao dong tir 0,83-9,00) (Bang 3) trong khi gia
tri nay dat 4,24 v6i nhom 15 moi ISSR (dao
dong tu 1,00-7,00) (Bang 4). Cin ct vao cac
thoéng s6 phan tich da hinh ctia cic locus cho
thady mo6i OPD02, OPB02 (RAPD) va UBC823,
UBC 840 (ISSR) 14 nhiing moi hiéu qua nhat
trong viéc phan tich da hinh cac locus 6 12 mau
DTHT va RAPD hiéu qua hon ISSR trong viéc
phan tich da dang di truyén cic mau giéng nay
(Bang 3 va 4). Trén thuc t&€, néng luc phan tich
da hinh cia RAPD va ISSR con nhiéu tranh cai
(Li & cs., 2017). Nhiéu bao cao chi ra ISSR
hiéu qua hon RAPD trong viéc phat hién da
hinh trén nhiéu d6i tuong (Li & cs., 2022).
Ngudc lai, két qua cta nghién cttu nay cé cung
nhan dinh 14 chi thi RAPD chiém uu thé& hon so
v61 ISSR trong viéc phat hién da hinh (Patel &
cs., 2016).

3.3. Phan tich méi quan hé di truyén cua
cAc mau giong

Khi phan tich bdi RAPD, hé 6 tuong déng
di truyén gitia 12 miu dao dong trong khoang
0,575-0,883 trong khi ddi véi chi thi ISSR hé s6
nay dao ddéng tu 0,559-0,863 (Bang 5), khi két
hop hai chi thi RAPD va ISSR, hé 6 tuong
dong di truyén ghi nhan dugc tit 0,568-0,841
(Bang 6).

Két qua trén cho thay 12 mau giong DTHT
thu thap c6 su da dang cao vé mat di truyén.
Két qua tuong tu cling dude ghi nhan khi phan
tich su da dang di truyén cua loai nam
C. sisnesis thu dugc & cac dia diém khac nhau 6
Trung Qudc st dung chi thi phan tid RAPD
(Chen & cs., 1999) va ITS (Chen & cs., 2004).
Ngugc lai, Sung & cs. (1999) khi phan tich moi
quan hé di truyén cta 72 mau giong C. militaris
thu & 11 dia diém khac nhau tai Han Quéc bang
chi thi RAPD da chi ra khéng c6 méi tuong quan

gitia su da dang di truyén va ngudn goéc dia ly
thu thap cac mau.

Tit bang hé s6 tuong déng di truyén, s do
moi quan hé di truyén ctia 12 mau gidng dudc
xay dung bing phuong phap UPGMA. Két qua
phan nhém duya trén chi thi RAPD cho th4y: &
miic tuong dong di truyén trung binh 0,71 (71%)
12 mau giong DTHT dudc phan thanh 3 nhém
di truyén chinh. Nhin trén so d5 c6 thé thdy
mau Co-LB c6 khoang cach di truyén xa nhat so
v6i cac mau con lai, trong khi d6 mau Co-TTT
va Co-HBT nim trén cing mot nhanh, thé hién
moi quan hé di truyén gan nhat.

Khi phéan tich bang chi thi ISSR, 12 mau
gibng déng trung ha thio dudc chia thanh 4
nhém tai vi tri tuong dong di truyén trung binh
(Hinh 2B). V& co ban, so dé cho thiy mau
Co-HQV va Co-CM cé khoang cach di truyén
xa nhdt trong khi d6 Co-TTN va Co-TN thé
hién méi quan hé di truyén gin nhat. Khi két
hop chi thi RAPD va ISSR, su phan nhém di
truyén ctua cac cip mau giong (Co-TTT va
Co-HBT) va (Co-CM va Co-CNTP) kha tuong
déng khi so sanh v6i md hinh phan tich bdi
RAPD (Hinh 2A, C). Sy phan nhém tucdng tu
cling quan sat dugce 6 cip mau giong (Co-TTN
va Co-TN) khi phan tich bdi chi thi ISSR va
k&t hop RAPD + ISSR (Hinh 2B, C). Nhu vay,
khi phan tich bdi cac chi thi RAPD hoac ISSR
riéng ré hay két hop hai chi thi RAPD + ISSR
thi k&t qua phan tich méi quan hé di truyén
cia 12 mau giong PTHT 1a c6 su tuong dong
cao. St dung kiém dinh Mantel dé xac dinh
moi tuong quan gitia cac ma tran tuong dong di
truyén phan tich bdi cac chi thi cho thay cé su
tuong quan cao gitia cac ma tran tuong dong di
truyén. Hé s6 tuong quan (r) gitia hai ma tran
phan tich bdi RAPD va ISSR 1a 0,741
(P <0,0001). Ma tran tuong dong di truyén
phan tich bdi RAPD hay ISSR thé hién mdi
tuong quan rat cao véi ma tran két hop gitia
RAPD + ISSR, hé s6 tuong quan lan lugt 14 0,934
va 0,932 (P <0,0001). K&t qua nay da khing dinh
SU tudng quan cao gitia cac ma tran khi phén tich
bdi cac chi thi (Bang 6). Su tuong quan cao gitia
cac nhéom chi thi nay cling dudc mé ta trén d6i
tugng dau db (Zargar & cs., 2016).
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Hinh 2. So d6 thé hién méi quan hé di truyén ctia 12 mau giéng déng trung ha thao
xay dung bang phuong phap UPGMA dugc phan tich bdi cac chi thi phan t&
(A) chi thi RAPD; (B) chi thi ISSR; (C) két hgp chi thi RAPD va ISSR

Bang 7. K&t qua phan tich tuong quan
gitia cac ma tran hé s6 tuong dong bang kiém dinh Mantel

Cap ma trén so sanh Heé sb twong quan (r) P (two-tailed) Alpha
RAPD vs. ISSR 0,741 < 0,0001 0,05
RAPD vs. két hop RAPD va ISSR 0,934 < 0,0001 0,05
ISSR vs. két hop RAPD va ISSR 0,932 < 0,0001 0,05
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Observations (axes F1 and F2: 56.34 %)
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Hinh 3. Phan tich thanh phan chinh (PCA analysis)
ctia 12 mau giong doéng trung ha thao dua trén két hgp gita hai chi thi RAPD va ISSR

Dé phan anh t6t hon méi quan hé cta 12
mau giong dong trung ha thdo dua trén ma
tran tuong déng di truyén, phan tich PCA st
dung mé hinh két hgp cta chi thi RAPD +
ISSR dudc tién hanh. Trong mé hinh PCA, hai
thanh phan chinh déng gép 37,58% va 18,76%
(téng s6 56,34%) (Hinh 3). Theo Gower & cs.
(2011) cac bién ndm gan nhau (géc nhd) c6 méi
tuong quan thuan véi nhau, cac bién ndm khac
phia (géc 16n) c6 méi tuong quan nghich dao va
cac bién nam cach nhau géc 90°C thi khong c6
tuong quan. Nhu vay, su phan nhém bdi phan
tich thanh phan chinh (PCA) thé hién su tuong
doéng khi so sadnh véi so @6 moi quan hé di
truyén cdc mau giéng phan tich bdi phuong
phap UPGMA (Hinh 2). Cac mau gidng thu
thap tu Ha No61, Hung Yén, Thai Nguyén, Da
N&ng déu thudc mot nhém di truyén trong khi
thyc t& day la nhiing dia phuong c6 khoang
cach dia ly xa nhau. Ly giai cho diéu nay c6 thé
do cac mau giong déu 1a cAc mau nudi cAy nhan
tao va dugc phan bd di nhiéu noi. Két qua
tuong tu ciing dugc ghi nhan bdéi Sung & cs.
(1999) va Wang & cs. (2008) khi phén tich cac
mau giong C. militaris bang chi thi RAPD va
ITS. Cac nghién ctiu chi ra khong cé su tuong
quan gitia da dang di truyén cdc mau gidng
C. militaris va ngudn goc thu thap cua ching.

4. KET LUAN

Phan tich trinh tu ITS cho thiy 12 mau
gidng dong trung ha thdo thu thap dudc déu
thudc loai Cordyceps militaris va c6 rat it su
bién dong di truyén trong ving trinh tu nay.
Phan tich da dang di truyén ctia 12 miu giéng
bang chi thi RAPD va ISSR chi ra c6 su da dang
cao vé mit di truyén, tuy nhién su da dang nay
khong tuong quan véi ngudn goc thu thap cia
ching. K&t qua nghién cttu hién tai cung cap
thong tin hitu ich cho cong tac bao tén, dinh
huéng khai thac va phét trién ngudén gen dong
trung ha thao.
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